Three examples are discussed in which interactions of chemical agents with ligands of the plasma membrane have been chemically characterized and in which the resulting disturbance in membrane function has been quantitatively measured. Uranyl ion reacts with phosphoryl groups and specifically blocks the transfer of glucose across the membrane. Cationic redox dyes and mercuric chloride react with sulfhydryl groups and destroy the structural integrity of the memiabrane. Arseitate competes with phosphate for a specific active-transport system and blocks the system by irreversiblv combining w-itlh one of its components.
U LTIMATELY IT IS the goal of most " membranologists" to understand the funetion and structure of the plasma membrane in molecular terms. Inasmuch as the primary function of the membrane is the regulation of traffic moving into or out of the cell, membranology has been seriously concerned with the nature of traffic-regulating systems. Unfortunately the road to this particular paradise is hardly visible, being well hidden by thorny problems. With some effort and ingenuity it has been possible to estimate the flow of substances into and out of the cell, and from such kinetic measurements deductions have been made concerning the underlying regulating systems. The result has been a multiplicity of sophisticated, interesting, but often untestable hypotheses and considerable confusion among biologists in general.
The problem of identifying meinbrane structure and function in molecular terms is a biochemical one. However, the standard biochemical procedure of separating cellular structures and studying isolated systems has met with limited success in the ease of the plasma membrane. Firstly, few pure membrane preparations have been prepared, and secondly, none of them, with the possible ex- Circulation, Volume XXVI, November 1962 ception of the red-cell ghosts, behaves as an intact, functional memnbrane. Some of the membrane fractions do, however, display biochemical activities whieh seem to be related to membrane function. One such activity is the Na-K activated adenosinetriphosphatase (ATPase)1' 2 which has been demonstrated in many types of cells; another is the Na-sensitive phosphatidic acid system of epithelial tissues.3 In each case the conclusions must rest on the strikingly parallel behavior of the membrane transport systems in the intact cells and the biochemical events in the cellular fractions.
Because of the inherent problems associated with isolated membrane fractions, some attempts have been made to (4) where Yt is the total number of yeast groups. In figure 1 4. Irreversible, leading to cell death (failure to form colonies).
The response represents a disturbance in the basic membrane structure rather than interference with the specific active site of an enzyme or of a transport system. Chemicallv the reaction prob-ably involves cross-li-nking of sulfhydryl groups in the case of redox dyes, mercury, copper, and x-irradiation, and perhaps disturbances of lipid structures in the case of detergents (lipid solvents produce a similar effect). The structure of the cell membrane can tolerate a certain number of reactions with the agelnts without loss of stability. although the specific membrane functions listed previously are disturbed. Each interaction, however, can be considered as a stress on the membrane. When the stress reaches a limiting value for the cell, the membrane structure breaks down, leading to an irreversible loss of cellular constituents equivalent to lysis in an unwalled cell.
From a chemical point of view, the effectiveness of sulfhydryl agents points to a role for sulfhydryl groups in the maintenance of membrane integrity. In fact, specific agents such as parachloromercuribenzoate can act in the same way as mercuric chloride. At the same time, it must be recognized that the integrity also depends on other ligands. The phosphoryl groups of the membrane apparCirculation, Volume XXVI, November 1962 ently play only an indirect role in the presence of the cationic dyes and detergenlts. The cationic dyes and detergents can only reach the "sensitive sites" if they first bind to the phosphoryl groups of the cell surface. Either the bindinl is a prerequisite to the penetration of the dyes to the "sensitive sites" or is prerequisite for physiological action in the sense that only in the bound form can the active group on the dye or detergent be in appropriate or stearic position to react with the "sensitive site." In the latter case, it would follow that the phosphoryl groups and "sensitive sites " are in close proximity, only a few bond lengths apart.
Action of Arsenate on Phosphate Transport
The yeast cell possesses a transport system for absorbing phosphate which has been characterized in some detail and which will be very briefly reviewed.25 The uptake of phosphate requires the presence of specific substrates, the sugars, and proceeds at about the same rate under aerobic and anaerobic conditions. Thus the metabolic support for the transport must come from the glycolytic systems. The transport is a one-way flux, that is, during the uptake process no phosphate leaves the cell. For this reason as phosphate is taken up, the specific gravity of the P32 in the medium is unchanged, with no dilution by cold phosphate from the cell. The uptake follows a typical saturation curve which can be fitted by the Michaelis-Menton equation. The transported ion is the monovalent anion H2PO0 with ionic balance maintained by an equivalent loss of OH-, the cell becoming more acid and the medium more alkaline.
The phosphate uptake is markedly increased by potassium, but the effect is an indirect one. In fact, the cell can be allowed to take up potassium prior to the exposure to phosphate, and the stimulating effect will still be observed. The potassium effect can be explained on a basis of the acid-base balance of the cell. When cells are allowed to absorb potassium, they do so by an exchange of cellular hydrogen ion for the potassium ion, the potassium in the cell being balanced by or- The inhibition of phosphate uptake by arsenati and of arsenate uptake by phosphate in fermenting yeast.
ganie aniionis, such as sueeinate and bicarbonate. A cell, iich in potassiunm, can absorb a considerably larger quantity of phosphate without upsetting the acid-base balance, the compensating effect being the disappearance of the organic anion in the metabolic cycle.
In the experinments to be reported here the uptake of phosphate was maximized and ani initial lag period in uptake was eliminated by pre-exposing the cells to potassium chloride and glucose for 10 minutes prior to the addition of the phosphate. This time is sufficient to absorb a very large amount of potassium and to reach a maximal rate of metabolisml.
In figure 6 , data are presented for the uptake of phosphate with different initial conicentrations added to the suspension. With a low Conicentration, 3 X 10-4 A, all of the phosphate is absorbed in 20 minlutes. With the highest concentration, 5 X 103 fM, 60 per cent is absorbed in 60 miinutes, but if the experiinent is allowed to proceed for 90 minutes, all of the phosphate will be absorbed. The actual rates of uptake, as mentioned previously, follow asymptotic relationship with the maximal rate at 1 to 2 X 10-3 M.
Arsenate cain also be transported into the yeast cell, with properties of the system in inany ways similar to those of phosphate transport. For example, the arsenate is transported only if glucose is present, and the arsenate once taken up is not exchangeable with external arsenate. Furthermyiore, arsenate and phosphate mutually interfere with each other so that they apparently are taken up by a common mechanism. On the other hand, the kinetics of transport of arsenate are not the same as those for phosphate, and the mutual inhibition is not a simple competitive inhibition. In contrast to the curves for phosphate, the arsenate uptake proceeds for 20 to 30 minutes and then ceases ( fig. 6 ). Only at concentrations of arsenate as low as 1 X 10-) A1 is uptake complete. At higher concentrations of arsenate, the maximal uptake approaches a limiting value which is of the order of 5 mM/Kg. of cells, regardless of how high the external arsenate concentration is. The arsenate uptake behaves like a self-inhibiting system. However, complete blockage does not require that a given amount of arsenate be absorbed. is demonstrated. Arsenate not only inhibits the uptake of phosphate in terms of a reduced rate, but the maximum uptake becomes progressively less than 100 per cent. In other words, the self-blocking effect of arsenate is also reflected in a parallel manner in terms of phosphate uptake. Reciprocally, inereasing concentrations of phosphate reduce both the rate of uptake of arsenate and the maximum. For example, at 1 x 10-2 M phosphate the arsenate uptake is blocked when the total amount absorbed is 0.4 mM/Kg., whereas in the control the transport ceases when 2.5 IuM/Kg. are absorbed.
The rate of development of the self-blocking effect of arsenate on its own uptake or oni phosphate uptake is demonstrated in figure 8 . In this experimenit the data are plotted ill terms of the rates of phosphate uptake as a function of the time of exposure to varying concentrations of arsenate. As the arseliate concentration is increased, the block develops mnore rapidly. The rate of development of the arsenate block in fermenting yeast. Furthermore, the amount of arsenate that can be transported is over 100 times that necessary to produce a complete block. TlIerefore, it has been assumed that one of the transport intermediates, when in the arsenate form, is susceptible to irreversible conversion to the inactive form AsY, at a rate that is not controlled by the rate of transport.
Potentially, arsenate may provide a tool for exploring the chemistry of the phosphate transport system. As yet, only a few preliminary observations have been made. For example, when arsenate uptake is large before the blockage of transport is complete, much of the arsenate is found in the trichloroacetic acid extractable fraction. When, however, the uptake is minimal, the arsenate is nearly all nonextractable and nonexehangeable. It is the identity of the arsenic compounds in the latter fraction that may provide a chemical clue to phosphate transport.
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Discussion
Three examples of the use of chemical "probes" have been discussed. In the case of urallyl ion, the interactions in a chemical sense are relatively nonspecific, involvilng the general ligands-phosphoryl and carboxyl groups. The physiological effects, on the other hand, are quite specific-inhibition of sugar uptake and of invertase activity. The specificity of the responses is not related to the chemistry of uranium interactions but to the geography of the cell. Uranyl ion cannot penetrate into the cell. The only phosphoryl or carboxyl groups that are accessible are those on the cell membrane, some of which are concerned in sugar uptake and invertase activity. In the case of the lytic agents, the interactions are also relatively nonspecific in a chemical sense. The resulting physiological damage may be specific at low concentrations of the agents but is a nonspecific breakdown of membrane structure at higher concentrations. Again the accessibility of reactive ligands in the membrane is a primary factor in the response. In the case of arsenate, the interactions and the response are highly specific, being limited to the pathways of phosphate transport. Potentially, arsenate may yield more information concerning the chemistry of membrane systems than any of the nonspecific agents.
It will be obvious that attempts to probe the chemistry of the membrane in the living cell have met with only limited success. Small bits and pieces of information have yielded themselves to rather strenuous effort. Yet progress has been made, and who can tell when a breakthrough will be achieved. A rather pertinent analogy is based on the premise that the primary function of the membrane is the regulation of traffic into and out of the cell. In the analogy, we are asked from observations of overall traffic flow in New York City how many policemen are working, whether they are fat or thin, right-handed or left-handed; but we are never allowed to watch them work. We can trap or catch segments of the general population, but the policemen are never caught in their uniforms.
'What we would need is an identifying characteristic for policemen, such as flat feet. Aiid who knows perhaps with patience, we will catch a flat-footed menmbrane component.
